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BIOAKHFICIM, ENDOCRINE DEVICE 
Background of the Invention 
Tbe present invention relates to the encapsulation of 
hormone producing tissue, and, in particular, to the 
^rane encapsulation of insulin producing pancreat,c 
islets for xenographic transplantation into diabetic 
subjects - 

Diabetes Hellitus is an affliction affecting 
approximately 20 million persons in the united States of 
^ica alone. This affliction is characterised by either 
a near total lack of insulin (Type I diabetes, or a 

™„i levels of circulating insulin (Type II 
resistance to normal levels 01 

^etes,. Both conditions can currently be controlled to 
som, extent by daily subcutaneous inoecti.ns of exogenous 
^sulin. Because the insulin inactions are periodically 

. * , aac fhe reaimen functions as an 
spaced in predetermined doses, the regame 

rel easing insulin in accordance with 
open loop system, not releasing 

. * thereby regulating blood glucose 
metabolic demand and tnereoy y 

, bv normal non-diabetic 

levels within ranges achieved by n 

1: kis ^11 recognized that this 
subjects. Accordingly, it is wen 

type of therapy has failed to achieve the necessary 

control of blood sugar to prevent the vascular 
complications associated vith the disease. These 
complications include blindness, kidney failure, heart 
disease, stroke, and loss of peripheral sensory nerve 
function. Diabetes currently is the third largest d^ 
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52-3 billion a year for treatment. 

Insulin dispensing pimp s, programed or dually 
operated, te delivering insulin to the diabetic snb , ect 
used to provide .ore numerous, SMller doses Qf 
-ul M in an attest to regulate blood glucose within 
-rower ranges. Such TO nonetheless ^ 
- open loop 3ystem , only att ^ ting tQ 

™ t0 - «~ic efficacy of 

current p^ over conventional ^ ^ . eotion ^ 

clearly established or clinically accepted. Ih ere ha ve 
*een attempts to regulate pu^ps with blood gluCQse 
- prov.de closed loop control, but to date an Stable 
—or with long ter* bioco.patibilty and functionality has 
not been achieved. Y 

Medical researchers for many years h*™ 
.. y years have recognized the 

lability of closed loop implantable devices 
-corporate u „ ^ produclng ^ ^ 

isolated beta cells, which release through a selective 
Per^le .eabrane, in accordance with .netabolic de^nd 
These devices, ter^d -bioartificial pancreases- have been 
—ally defined in ter^s of functional and perforce 
constraints. Pi rst, the tissue *ust respond and release 
-ulin m recurred counts within an appropriate time to 
ureases and decreases in blood glucose concentration, 
second, the device ra st support and not supp te ss insulin 
Production. T hird, the device mu st provide protection 
against ™ fourth, the islets must sarvlve 
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functionally or the device easily replaced. Fifth, the 
membrane must be appropriately selective and biocompatible 
with the patient and its functional properties not altered 

by contact with host tissue. 

various capsule approaches have been taken with regard 
to physical devices containing islets, using planar or 
tubular membranes. Generally, these have failed due to 
lack of biocapatiblity leading to fouling of the membrane, 
in attempts to overcome rejection, highly purified beta 
cells have been ^planted into human subjects taking large 
does of effective immunosuppressants such as cyclosporin. 
As far as known, there have not been any successful 
implantations using this approach. 

Recently, islets have been macroencapsulated in a 
hydrogel such as sodium alginate and injected into hollow 
fibers formed by a dry-wet spinning technique using an 
acrylic copolymer. While demonstrating an ability to 
control glucose levels in mice, the long term 
biocompatible of the fibers has not been established. 
Brief Summary of the Invention 
The present provides an implantable device satisfying 
the above criteria while overcoming the aforementioned 
problems to provide closed loop insulin delivery in 
accordance with demand and overcoming the the above 
problems of rejection by selectively protecting the 
pancreatic islets from the host's i«une defenses by a 
recognized biocompatible material. "ore particuiarly, the 
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islets, human or preferably animal which «, ^ r 
avails, * either ceu „ lar fora ^ ^ 

devices, are encased with a polymeric Serial c« prisijlJ 
Poly-para-xylyene having a membrane portion with a porosity 
Permitting passage of nutrients, glucose signals, 
eleotolytes, water, and the egress of insulin released by 
the islets, all of which have a Secular weight of less 
than about 5,000. Th e porosity of the membrane, however, 
less than immunoglobulins, having molecular weights of 
160,000-500,000. Poly-para-sylyene in particular is 
recognised as a biocompatible surface substrate for 
plantation and dees not to interact with plasma factors 
such as fibrin or cells such as platelets. Accordingly 
the capsule pores will not become clogged, and insulin 
release as a function of the host's own glucose 
concentration will be effected. The device may " take 
various designs based on fresh or frozen islets and 
configured in various cell arrays, while providing the 
selective membrane porosity of the poly-para-xylyene a 

compatibility for the interior and exterior surfaces 
thereof. 

Brief Description of the Drawings 
The above and other features and advantages of the 
present invention will becon. apparent upon reading the 
following written description of the preferred eM.odi.ents, 
taken in conjunction with the accompanying drawings in 
which: 

FIGURE 1 is a side cross sectional view of 
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bioartif icial endocrine device in accordance with an 
embodiment of the present invention; 

FIGURE 2 is a side cross sectional view of another 
embodiment of the present invention; 

Figure 3 is a cross sectional view taken along line 

3-3 in Figure 2; 

Figure 4 is a side cross sectional view of another 
embodiment of the present invention; and 

Figure 5 is a cross sectional view of a further 
embodiment of the invention; 

Description of the preferred Embodiments 
Referring to the drawings for purposes of describing 
the preferred embodiments only, Figure 1 shows a 
bioartif icial endocrine device 10 for the effective release 
of hormones. The device 10 comprises a circular cylinder 
12 having a pair of selective permeable membranes 14 
attached by a biocompatible adhesive to the top and bottom 
end faces thereof. A suitable adhesive for attachment of 
the membrane to the sleeves and the sleeves to each other 
are silicone adhesives, Silastic Type A manufactured by 
Dow-Coming, cyanoacrylates , Prism 454 manufactured by 
Locktite corporation, epoxies or other adhesives , 
preferably biocompatible, providing sufficient adhesion to 
sealingly maintain the integrity of the cavity. The 
interior volume or chamber 15 is defined by the inner wall 
of the cylinder 12 and the membranes 14. The chamber 15 
contains hormone producing tissue, preferably porcine 
pancreatic islets, or other hormone producing cellular 
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-ieties 16 in a liguid or gel mtrix . ^ ^ 
the assembled device is heat or radiation steril ized . Tne 
side vail of the cylinder 12 is provided with a lower 
radial port 18 for introducing the cellular matrix into the 
chamber 15 and an upper, radial port 20 for venting the 
chamber 15 during filling. The ports 18,20 are sealed by 
sterile biocompatible sealing members 22. 

The cylinder 12 may be formed of any suitable 
material, snch as metal or plastic. The membranes 14 are 
POlYinfiriC ^ ° f PolY-Para-xylyene (poly-para-xylyene N) , 
or analogs thereof such as poly-monochloro-xylyene (poly/ 
para-xylyene C), and poly-dichloro-xylyene (poly-para- 
sylyene D) . The membranes 14 have a porosity which blocks 
passage therethrough of immunogenic agents while permitting 
passage therethrough of effective nutrients for ihe 
cellular moiety and the' hormone produced thereby. For a 
bioartificial pancreatic device, as described below, 
membranes comprising poly-para-xylyene N at a thickness of 
about 2500 to 5000 Angstroms, and preferably about 2500 to 
3500 Angstroms, provide the desired porosity 
characteristics . 

The membranes are formed by conventional vacuum 
deposition and have a porosity which can accurately be 
controlled such that a selective membrane may be 
established, m the present embodiment, the maximum pore 
size is selected to prevent the passage of ijnmunoglobulins 
and antibodies having molecular weights of 40,000 to about 
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300.000. The ^ — " ^ 

passage of nutrient -olecules, such as glucose, 

«, water and the horoone, insult havong a 
electrolytes and vater, ana 

Secular weight of around 5,600. 

Example 1 

A „e of poly-para-sylyene * having a thicfcness 
o£ 3.271 vas -ounted on a cylindrical sleeve and 

partially I— * " * ^ 7" 

^onents of varying — « — ~ - ° * 

u pper surface of the ^rane. hereafter sables of the 

JL were Applied to an ^ - ^ * 

„ arai . e th e samples according to 
electrophoresis to- separate the amy A . nn ^ 

-ahts • Low molecular weights corresponding to 
molecular weights, low m 

. ^ and cell nutrients were identified, 
glucose, insulin and cexx 

„ QT vhq i e. qreat&r than 
Higher molecular weight components, i.e. gr 

26,000, were excluded. .^.^^ 

-^ipnfable bioartificial 
,w.^«iarlY, for an implantable uj- 
More particularly, „i„T-»litv 
, • o the cellular moiety contains a plurality 
pancreatic device, the ceiiui 

„ -na islets. The islets are -derived from 
of insulin producing islets. 

nraanSr both human and anamal, m. 
donor pancreatic organs, w ^ 

-ilizinq collagenous digestion and 
conventional manner utilizing col _ 

The islets are admixed with 
Ficoll gradient separation. The i 

oH . 3 to form the matrix at a 
conventional BPHI culture media to form 

, 10to 50 islets per microliter. 

- The cylinder chaaber .nay vary in "ze an 
purpose of handling, coating and plantation 

considerations as weil as the therapeutic insula 
production required by the recipient. 
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F °r purposes of ijapUnt 
be forned Qf a su . tabie xty, the cylinder 

stainless steel or SU ° h as aedical „ 

6el ° r Preferably bv ^ * gracJe 

W-soiMd as no „ . ^° t ' rane ■W-rtU. are 

* The material does Do+ - • 
-* as ^ or " pl asma 

«* «-«-. cl ogged or ^ ^ — . p ores wm 

Example 2 

~ 3100 * ^ " at - m=,cn es s M 

was mounted on = - . 
Paxti^ ly ^ " ^ " <**«**»1 sleeve 

seventy-,^ a " * <^m ed TOter . 

(75 > ad "lt porcine isi-,*-. 

«*« -fat* ^ the on the fourth 

dayKas70 ;;;;;;; 

<~ «. -U* day vjas 235 + lso 12 "* OD ^ "* " ' 

™* secretsd from that 
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Example 3 

An i^lant device was prepared using two PVC sleeves, 
1/2- O.D., 3/8" I.D., 3/16" thickness. The sleeves were 
coated with poly-para-xylyene N to a thickness of about .5 
microns, circular' poly-para-xylyene membranes having a 
thickness of 2950 Angstroms were adhered to the top 
surfaces of the sleeves with silicone adhesive. The 
sleeves were then radiation sterilized. 

One membrane sleeve was filled with 20 deciliter of 
cellular matrix. The matrix included porcine beta cell 
islets numbering about 5,000. The islets were prepared in 
accordance with the colloganese digestion method. 
Thereafter the sleeves were joined with a silicone 
adhesive. The device was implanted into the peritoneal 
cavity of a non-obese "diabetic mouse. 

For three weeks prior to implant, the fasting blood 
glucose (FBG) of the mouse was 760 mg/dl as determined by 
glucose oxidase analysis. On the day following 
plantation, the fasting blood glucose level was 380 
mg/dl. When the device was removed following implant, no 
fibroid or lymphoblastic attachment to the device or the 
membrane was observed. 

Example 4 

an implant device was constructed in accordance with 
the embodiment of Figure 1. The collar had an outside 
diameter of 1/2 inch and an inner diameter of 1/4 in. A 
membrane of around 3000 A poly-para-xylyene H were adhered 
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to the faces of the collar with * - 

31 Wltn a silicone adhesive 

***** radial fill holes the yoi _ Qf ^ • 

"as frlled with approximately 5<000 ^ 

*» an hole ras sealed ^ a smcone Fo ^^ 

devices were ^ lanted ^ the ^ . toneal oav . ty ^ ^ 

pancreatized female ^grel dog WIgUnff ^ ^ fcg 
*rior to the the dQg without endogeMijs 

administration during the preceding 24 hours did not 
-dicate any plasma On the first day fo i lowiflg 

-Plant, the plasma insulin levels were reasured at 21 

-a 22 . 2 ua/ml . 0 , the second day foUoMin9 ^ 

Plasma insulin levels were at 21 . 5 ^ ^ ^ 

Heferring to FigiIres 2 and 3# „ ^ ^ ^ 
«±h a plurality of cylindrical chambers 32 „ 
an array of through holes 34 in a generally rectangular 
P°ly-para-*ylyene coated plate 36. Ib e top and Attorn of 
the holes 34 are sealed by poly-para-sylyene ^ zanss 3e 
as described above. Cellular tissue in a liguid matri, is 
delivered to the chambers 34 through radial fin por t s 40 
which are thereafter sealed by plugs. The array of 
chambers 34 provides redundancy for the device 30 in the 
event of membrane breakage or fouling, decrease in cellular . 
output and the like. 

Referring to Figure 4, a device comprises a plate 70 
Wing a plurality of cellular droplets 7 2 arrayed thereon 
and covered with a membrane 74 of poly-para-xylyene as 
described above. The device is formed by depositing the 
tissue media in liquid form or macroencapsulated in a 
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protective covering, such as sodium alginate, on a poly- 
para-xylyene coated plate. After deposition, the droplets 
and plate coated to the desired thickness with poly-para- 
xylyene. Alternatively, the droplets and plate are frozen, 
coated, and, when ready for implant, the device is thawed 
to reconstitute the cells. The cells may be frozen and 
thawed according to the protocol set forth R. V. Rajotte 
(Cryopreservation of Isolated Islets, 2nd International 
Conference on Use of Human Tissues and Organs Search In 
Transplant, October 1985, pages 46-51). 

The devices may be formed as individual droplets which 
are encapsulated with the aforementioned membrane. The 
individual droplets, frozen or as macrocapsules , may be 
conventionally coated in a free fall coating process or 
suspended from an embedded thread and coated. The cells 
are thereafter reconstituted, admixed in an appropriate 
media and may then be implanted by injection into the 

selected site. 

The device 80 may also take the form shown in Figure 
5. More particularly, a rectangular plate 82 is provided 
with a plurality of through holes 102. The top surface of 
the plate and the top openings of the holes being coated 
with poly-para-xylyene coating 104, and establishing the 
aforementioned membrane. The bottom surface of the plate, 
and bottom openings of the holes are covered by a poly- 
para-xylyene coated backing cover 106 which is adhered 
thereto by a suitable biocompatible adhesive. The interior 
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chambers defined by the side walls of the hole, the 
membrane and the cover are filled with insulin producing 
cells within a liquid or gel matrix. 

The device is preferably manufactured by initially 
coating the plate with poly-para-xylyene so as to provide a 
continuous conformal coating on all surfaces including the 
walls defining the openings. The bottom wall is sealed and 
the holes filled with distilled water to a level slightly 
below the top surface. The filled plate is then frozen, 
and thereafter coated with poly-para-sylyene to the desired 
membrane thickness.. After coating, the device is warmed to 
thaw, the backing plate removed and the water removed 
through evaporation. The device is inverted and the 
desired cellular concentration deposited in the holes onto 
the membrane. The backing plate is then adhered as 
mentioned to the bottom surface. 

Alternatively, cellular containing media may be frozen 
within the holes and the plate conformally coated to 
membrane thickness, and the cells unthawedas described 
above, m such a device, top and bottom " membranes would be 
provided at each compartment. 

The aforementioned encapsulation may be effectively 
utilized in other applications for hormone producing or 
tissue producing implantation into deficient individuals 
with conditions such as thyroid deficiency, growth hormone 
deficiency, congenital adrenal hyperlasia and the like. 

Various modifications of the above described 
embodiments will be apparent to those skilled in the art. 
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Accordingly, the scope of the invention is defined only by 

the accompanying claims. 
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What is claimed: 

1. A device for releasing hormones in a recipient patient, 
comprising: a matrix containing a hormone producing 
cellular moiety; and capsule means enveloping said matrix 
comprising a polymeric membrane of poly-para-xylyene having 
a porosity blocking passage therethrough of immunogenic 
agents and permitting passage therethrough of nutrients for 
said cellular moiety and the hormone produced thereby. 

2. The device as recited in claim 1 wherein said polymeric 
membrane is selected from the group consisting of poly- 
para-xylyene, poly-monochloro-xylyene, and poly-dichloro- 
xylyene. 

3. The device as recited in claim 2 wherein said membrane 
has a thickness of around 2,000 to 5,000 Angstroms. 

3. The device as recited in claim 2 wherein said 'membrane 
has a thickness of around 2,500 to 3,500 Angstroms. 

4. A process for making a device for releasing hormones 
comprising the steps of: forming a matrix including a 
hormone producing cellular moiety; and covering said matrix 
with a non-immunogenic polymeric material comprising poly- 
para-xylyene with- at least a portion of said polymeric 
material being in the form of a membrane having said 
porosity blocking passage therethrough of immunogenic 
agents and permitting passage therethrough of effective 
nutrients for said cellular moiety and the hormone produced 
thereby. 

5. A bioartificial pancreas comprising: capsule means for 
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containing insulin producing cells formed of a 
biocompatible material including a permeable membrane 
formed of poly-para-xylyene and having a thickness less 
than about 5000 Angstroms, 

6. The bioartificial pancreas as recited in claim 5 . 
wherein said capsule means comprises a plurality of 
cavities having openings covered by said permeable 
membrane. 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(5) :A61K 9/14; ^^2/06 

US CL :424/423, 4S4^V/1 
According to International Patent Classification (IPC) or to both national classification and IPC 



FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 424/423, 4&4; 623/1 



Documentation searched other Chan minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and r where practicable, search terms used) 
Cas :S celt? and (encapsulat7 or matrix] S L1 and (implant 7 or insert) S L2 and poly(w) para(w) xylene 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


.Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 


EP 147939 A2: Abstract, "Implantable Module for Glycemla 


1-6 




Regulation", (ALTMAN) 






10 JULY 1985. 




Y 


BE 882476 Al: Abstract, "Encapsulation of Living Tissue or 


1-6 




Active Biological Material for Implantation", (LIM) 27 MARCH 






1980. 

* 





| \ Further document! arc lilted in the continuation of Box C. j | Sec patent family annex. 



"L* 



Special caacfooca of cited docuoata: 

docunca£<lcfiajQ< the general ac&tc of the art which ** not cooaidercd 
to be put of particular relevance 

carGcr docuoacat publiabod oa or after the ioicroaiiooal filing ^ a3Lc 

docmacot which may throw doubt* oa priority cUim(«) or which m 
eked to catabfiah the pubUcadoa da*c of another citaooa or other 
moo (m apcafiod) 



tn ^ fjy-i^rK^< pi i Mi a hnd w ftcr tho nterDAOooal ftliaf dale or poonty 
date and not ia cooilxt with the appticatioa but cited to uadcr*aod the 
principle of theory undertymj the wveniiaa 



document referring to *a oral diftdoourc, oac, cxhJbitioa or other 
f&caoa 

document publiabed poor to the ■otcoa«Jt>ooal filing date but Utcr than 



doameot of particular relevance; the chirond iavcotio* caoac* bo 
coojiricroi aujvcl or canoot be cotxidexvd %a pvorvo aa iavxotrvc t*cp 
wbca the document k taken, alooc 

document of particular relovaaee; the claimed iovoatioa canoot bo 
coacidcred to nvolvc ac arvcavrirve •tep wbca the docu m e n t^ m 
combcood with ooc or more other such docurneoti, «och cotnbtrvaboa 
bciof obvioua to a peraoo skilled in the art 

do^^ryn* member of the aame patent family 



Date of the actual completion of the international search 
12 APRIL 1993 


Date of mailing of the international search report 

1 9 JUL 1993 


Name and mailing add ret* of the ISA/US 
Cammiuioocr of Patent! and Trademarks 
Box PCT 

WAahingtoo, D.C. 20231 
Facsimile No. NOT APPLICABLE 


Authorized officer (/\JP^7^^ 

CARLOS AZPURU U ^ 
Telephone No. (703) 308-2351 



Form PCT/IS A/210 (second 3 hcct)(July 1992)* 



